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DESCRIPTION 

SEALED BATTERY 
TECHNICAL FIELD 

5 The present invention relates to a sealed battery and more 

particularly to a crimp-sealed battery with excellent leakage 
resistance. 

BACKGROUND ART 

10 With the remarkable development of small, thin, and 

high-functionality portable electronic equipment in recent 
years, there is a growing demand for smaller, thinner, and 
high-capacity batteries as their power source. Lithium 
batteries are effectively used for this purpose because they 

15 can be designed small with high capacity, and in particular, 
flat prismatic lithium ion rechargeable batteries are suitable 
in making the equipment thinner, for which they have been 
increasingly used as the repeatedly usable battery for portable 
electronic equipment such as mobile phones. 

20 Meanwhile, various structures for sealing a prismatic 

sealed battery have been known, in which a sealing member is 
placed via a gasket at the opening of a battery case, and the 
opening of the battery case is crimped inwards to seal the case 
while compressing the gasket (for example, see Japanese Patent 

25 Laid-Open Publications Nos. Hei 8-162076 and 2000-357495). 
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One example of the structure of this type of a sealed 
battery is described with reference to Fig. 6: The battery case 
21 accommodates elements for electromotive force 22 composed 
of an electrode plate assembly and liquid electrolyte. An 
5 annular groove is formed in the outer face at a predetermined 
position from the top end of the opening 21a of the battery case 
21, and a holder plate 24 formed with an aperture 24a is welded 
to be fixed onto an annular support 23 that is formed by the 
annular groove protruding inwards. A plate 26 is placed upon 

10 the holder plate 24 via an insulating gasket 25, and one 
electrode of the elements for electromotive force 22 is 
connected to the plate 26 through a lead 27, while a cap 28 that 
serves as an external connection terminal is placed on and 
electrically connected to the sealing plate 26. The top end 

15 of the opening 21a of the battery case 21 is crimped inwards 
in this state so as to secure the plate 26 via the insulating 
gasket 25 and to seal the case. The insulating gasket 25 is 
square tubular and includes a bottom wall 25a that makes contact 
with the lower face of the plate 26 and a top wall 25b that makes 

20 contact with the inner periphery of the opening 21a of the 
battery case 21, the bottom wall 25a having an aperture 25c that 
matches the aperture 24a of the holder plate 24 and an annular 
sealing protrusion 29 along the outer periphery in the inner 
surface thereof. The plate 26 is formed with a thin part 26a 

25 that breaks when the internal pressure of the battery rises, 
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and the cap 28 that serves as the external connection terminal 
is formed with a gas outlet hole 28a. 

A battery with a sealing unit 30 instead of the plate 26 
of Fig. 6, as shown in Fig. 7, is also known. The sealing unit 
5 30 includes a filter 31 and an inner gasket 32 placed inside 
the filter, the inner gasket being square tubular and including 
a bottom wall 32a, a top wall 32b, and an aperture 32c formed 
in the bottom wall 32a. A safety mechanism 35 is further 
provided, which consists of a pair of an upper valve 33 and a 

10 lower valve 34 respectively disposed above and below the bottom 
wall 32a of the inner gasket 32, the pair of valves having 
cup-shaped parts 33a and 34a that are connected to each other 
at their middle parts within the aperture 32c. The cup-shaped 
part 34a of the lower valve breaks when the internal pressure 

15 of the battery rises, which causes the cup-shaped part 33a of 
the upper valve to be inverted to cut off the current path. Upon 
the safety mechanism 35 are placed a PTC element 36 and a cap 
37 that serves as an external connection terminal. The opening 
31a of the filter 31 is crimped inwards in this state so as to 

20 secure the cap 37, the PTC element 36, and the safety mechanism 
35 via the inner gasket 32 to complete the sealing unit 30. 

The structures shown in Fig. 6 and Fig. 7, however, have 
the following problems: In a thin battery with a small thickness 
W of the battery case 21, the thickness of the top wall 25b of 

25 the insulating gasket 25, or of the top walls 25b and 32b of 
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the insulating gasket 25 and the inner gasket 32, which will 
be the compressed point, cannot be made sufficiently large. 
This means sufficient space necessary for the compressing is 
not available when crimping the opening 21a of the battery case 
5 21, or the openings 21a and 31a of the battery case 21 and the 
filter 31, inwards to compress the insulating gasket 25, or the 
insulating gasket 25 and the inner gasket 32, between the opening 
and the top face of the cap 28 or 37 that serves as the external 
connection terminal. Sufficient space necessary for the 

10 compressing is not available even when the dimension dl between 
the annular support 23 and the top end face of the battery case 
21, or the dimension dl and the dimension d2 between the upper 
end face and the lower end face of the filter 31 are controlled 
when crimping the battery case 21, or the battery case 21 and 

15 the filter 31. It is therefore often the case that sealing 
properties are not satisfactory, resulting in low reliability 
in respect of leakage resistance. 

In view of the above-described problems in the 
conventional technique, an object of the present invention is 

20 to provide a sealed battery which has high sealing properties 
with a simple and low-cost structure even in a thin design and 
which is highly reliable in respect of leakage resistance. 

DISCLOSURE OF THE INVENTION 
25 To solve the above problems, the present invention 
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provides a sealed battery in which an opening of a battery case 
is sealed, with any one of a sealing member via an insulating 
gasket, and a sealing unit in which a sealing member is crimped 
inside a filter via an inner gasket, the sealed battery including 
5 a sheet-like gasket placed upon the sealing member so that the 
battery case is tightly sealed with any one of a combination 
of the insulating gasket and the sheet-like gasket, and a 
combination of the insulating gasket, the sheet-like gasket, 
and the inner gasket, by crimping the opening of the battery 

10 case inwards. 

With this structure, to form a thin sealed battery, 
although the thickness of the insulating gasket or the inner 
gasket that is crimped with the corresponding top end of either 
the opening of the battery case or the filter of the sealing 

15 unit cannot be made large, the sheet-like gasket is interposed 
in the part that will be a compressed point between the sealing 
member and the top end of either the opening of the battery case 
or the filter, and therefore the overall space for compressing 
these gaskets is made larger. Thus a necessary level of sealing 

20 properties is achieved even when there are some crimping errors, 
and high reliability is achieved in respect of leakage 
resistance. 

When the sheet-like gasket is made of a material having 
a higher coefficient of rebound resilience than the insulating 
25 gasket or the insulating gasket and the inner gasket, the sealing 
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properties are further improved. Although the material that 
has a high coefficient of rebound resilience is expensive, it 
does not cause much cost because no large amount of material 
would be wasted to produce sheet-like gaskets as compared to 
5 the molding of the insulating gasket or the insulating gasket 
and the inner gasket in which a large amount of material is wasted 
for molding. 

The thickness of the upper face of the insulating gasket 
or the inner gasket crimped and accommodated inside the filter 

10 may be made larger, in which case such a thick portion will 
provide the same function as the above-mentioned sheet-like 
gasket and provides the same effects when the opening of the 
battery case is tightly sealed with the insulating gasket or 
with the insulating gasket and the inner gasket by crimping the 

15 opening of the battery case inwards. 

Further, an annular sealing protrusion may be provided at 
a compressed point during the crimping process of the insulating 
gasket and/or the inner gasket, and a sheet-like gasket having 
a higher coefficient of rebound resilience than these gaskets 

20 may be placed upon the sealing protrusion, so that the sheet-like 
gasket having a high coefficient of rebound resilience is 
compressed by the sealing protrusion in the bottom wall of the 
insulating gasket and/or the inner gasket, whereby deformation 
of the sealing protrusion is prevented even if the battery is 

25 stored for a long time under severe conditions such as high 
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temperatures, and a sufficient level of sealing pressure 
resistance is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1A and Fig. IB show a sealed battery of a first 

embodiment of the present invention, in which Fig. 1A is an 

overall perspective view and Fig. IB is an enlarged longitudinal 

cross-sectional side elevation viewed from the direction of the 

arrows IB-IB of Fig. 1A. 
10 Fig. 2A and Fig. 2B show a sealing unit of a sealed battery 

of a second embodiment of the present invention, in which Fig. 

2A is a longitudinal cross-sectional side view, and Fig. 2B is 

a longitudinal cross-sectional side view illustrating an inner 

gasket before it is crimped. 
15 Fig. 3 is a longitudinal cross-sectional side view showing 

major parts of a sealed battery of a third embodiment of the 

present invention . 

Fig. 4 is a longitudinal cross-sectional side view showing 

a sealing unit of a sealed battery of a fourth embodiment of 
20 the present invention. 

Fig. 5 is a longitudinal cross-sectional side view showing 

major parts of a sealed battery of a fifth embodiment of the 

present invention . 

Fig. 6 is a longitudinal cross-sectional side view showing 
25 major parts of a conventional sealed battery. 
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Fig. 7 is a longitudinal cross-sectional side view showing 
major parts of another conventional sealed battery. 

BEST MODE FOR CARRYING OUT THE INVENTION 
5 (First Embodiment) 

A sealed battery of a first embodiment of the present 
invention will be described below with reference to Fig. 1A and 
Fig. IB. 

Referring to Fig. 1A and Fig. IB, 1 is a flat prismatic 

10 sealed battery structured as a lithium ion rechargeable battery, 
its battery case 2 accommodating elements for electromotive 
force 3 inside, which consist of an electrode plate assembly 
stacked positive and negative electrodes with a separator 
interposed therebetween and liquid electrolyte. An annular 

15 groove is formed in the outer face at a predetermined position 
from the top end 2b of the opening 2a of the battery case 2, 
and a holder plate 4 formed with an aperture 4a is welded to 
be fixed onto an annular support 6 that is formed by the annular 
groove protruding inwards. 

20 A sealing unit 8 is placed upon the holder plate 4 via an 

insulating gasket 7, and the opening 2a of the battery case 2 
is crimped inwards in this state, so that the opening is sealed, 
the sealing unit being insulated from the battery case 2 by the 
insulating gasket 7. The insulating gasket 7 is a molded piece 

25 of plastic such as PP or PE and has a square tubular shape which 
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includes a bottom wall 7a that makes contact with the upper face 
of the holder plate 4 and the lower face of the sealing unit 

8 and a top wall 7b that makes contact with the inner periphery 
of the opening 2a of the battery case 2, the bottom wall 7a having 

5 an aperture 7c that matches the aperture 4a of the holder plate 
4 and an annular sealing protrusion 7d along the outer periphery 
on the upper face of the bottom wall 7a. 

The sealing unit 8 includes a square tubular metal filter 

9 having a bottom wall 9a and a circumferential wall 9b, the 
10 bottom wall 9a being formed with an aperture 9c, and the filter 

9 is connected to one electrode of the elements for electromotive 
force 3 with a lead (not shown) . The other electrode of the 
elements for electromotive force 3 is connected to the battery 
case 2. Inside the filter 9 is placed a square tubular, 
15 insulating inner gasket 10 having a bottom wall 10a and a top 
wall 10b, the bottom wall 10a being formed with an aperture 10c, 
The inner gasket 10 is a molded piece of low-cost plastic such 
as PP or PE . 

A safety mechanism 13 is provided, which consists of a pair 
20 of an upper valve 11 and a lower valve 12 respectively disposed 
above and below the bottom wall 10a of the inner gasket 10, the 
pair of valves having cup-shaped parts 11a and 12a that are 
connected to each other at their middle parts within the aperture 
10c. The safety mechanism 13 is structured such that, when the 
25 internal pressure of the battery rises, the cup-shaped part 12a 
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of the lower valve breaks and the cup-shaped part 11a of the 
upper valve is inverted to cut off the current path, to let out 
the internal pressure to the outside through a gas outlet hole 
(not shown) provided in the cap 15 that serves as an external 
5 connection terminal. The inner gasket 10 includes an annular 
sealing protrusion lOd protruded along the outer periphery on 
the upper face of the bottom wall 10a such as to make pressure 
contact with the lower face of the upper valve 11. 

Upon the safety mechanism 13 are placed, as part of the 

10 sealing member, a PTC element 14 having an aperture 14a and the 
cap 15 that serves as the external connection terminal, and a 
sheet-like gasket 16 is placed upon these. This sheet-like 
gasket 16 may be a plastic sheet made of PP or PE, but is 
preferably a sheet of plastic that has a high coefficient of 

15 rebound resilience such as polytetraf luoroe thylene (PTFE) or 
per f luoroalcoxy alkane ( P FA ) . 

The sealing unit 8 is formed by placing the inner gasket 
10, the safety mechanism 13, the PTC element 14, the cap 15 that 
serves as the external connection terminal, and the sheet-like 

20 gasket 16 inside the filter 9, and by crimping the opening 9d 
of the filter 9 inwards to secure these elements. The cap 15 
is electrically connected to one electrode of the elements for 
electromotive force 3 through the PTC element 14, the safety 
mechanism 13, the filter 9, and a lead (not shown) . 

25 With this structure, to form a thin sealed battery 1 having 
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a small thickness W, the thickness of the top wall 10b of the 
inner gasket 10, which makes contact with the circumferential 
wall 9b of the filter 9 in the sealing unit 8 and which will 
be a compressed point , may be made as small as about 0.1 to 0 . 2mm . 
5 Because of the sheet-like gasket 16 which has almost the same 
thickness of 0.1 to 0.2mm as that of the top wall 10b of the 
inner gasket 10 and which is interposed between the cap 15 and 
the top wall 10b of the inner gasket 10, the overall space for 
compressing the gasket is made larger during the crimping of 

10 the opening 9d of the filter 9. Therefore, when the opening 
9d of the filter 9 is crimped, a necessary level of sealing 
properties is achieved even when there are some crimping errors 
in the opening 9d of the filter 9, and thus high reliability 
is achieved in respect of leakage resistance. 

15 The sealing properties are further improved, in part icular , 

by using PTFE or PFA for the sheet-like gasket 16, which has 
a higher coefficient of rebound resilience than the inner gasket 
10, and although these types of materials are expensive, it does 
not cause much cost because no large amount of material would 

20 be wasted for the molding of the sheet-like gasket, as compared 
to molding the inner gasket 10 using such a material. 

The coefficient of rebound resilience of the sheet-like 
gasket 16 is preferably in the range of from twice to five times 
higher than that of the insulating gasket, or the insulating 

25 gasket and the inner gasket, from the viewpoints of desirable 
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leakage resistance and feasible thickness. 

In the above example, the sheet-like gasket 16 is placed 
upon the cap 15 in the sealing unit 8 so that the top wall 10b 
of the inner gasket 10 and the sheet-like gasket 16 are 
5 superposed at the compressed point between the opening 9d of 
the filter 9 and the cap 15. Alternatively, another similar 
sheet-like gasket may be placed upon the sealing unit 8, so that 
the top wall 7b of the insulating gasket 7 and the sheet-like 
gasket are superposed at the compressed point between the 

10 opening 2a of the battery case 2 and the sealing unit 8. 
(Second Embodiment ) 

Next, a sealed battery of a second embodiment of the 
present invention will be described with reference to Fig. 2A 
and Fig. 2B . In the following description of the embodiment, 

15 the same constituent elements of the previous embodiment are 
given the same reference numerals and will not be described again. 
The difference only will be mainly described. 

In the sealing unit 8 of this embodiment, the inner gasket 
10 is formed with a thick portion 17 protruded radially outwards 

20 further than the side wall lOe of the inner gasket 10 as shown 
in Fig. 2B in the part that makes contact with the upper face 
of the cap 15. The thick portion 17 functions the same when 
it is protruded radially inwards, but such a radially inward 
protrusion makes it difficult to place the upper valve 11, the 

25 PTC element 14, and the cap 15, and therefore the thick portion 
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is preferably formed to protrude radially outwards. 

The thickness of the protruded thick portion 17 is 
preferably in the range of from 1.2 to 2.5 times larger than 
that of the side wall lOe from the viewpoints of desirable 
5 leakage resistance and feasible thickness. 

With this structure, too, the thick portion 17 provides 
the same function as the above-described sheet-like gasket 16 
and provides the same effects. 
(Third Embodiment) 

10 Next, a sealed battery of a third embodiment of the present 

invention will be described with reference to Fig. 3. 

In the description of the above embodiments, examples have 
been shown in which the opening of the battery case 2 is sealed 
with a sealing unit 8 via an insulating gasket 7, while, in this 

15 embodiment, a PTC element 14 and a cap 15 are placed as sealing 
members inside an insulating gasket 7 instead of the sealing 
unit 8, and a sheet-like gasket 16 is placed on the upper face 
of the cap 15. 

A safety mechanism 13 is further provided, which consists 

20 of a pair of an upper valve 11 and a lower valve 12 respectively 
disposed above and below the bottom wall 7a of the insulating 
gasket 7, the pair of valves having cup-shaped parts 11a and 
12a that are connected to each other at their middle parts within 
the aperture 7c, and an insulating plate 18 is interposed upon 

25 the holder plate 4 for insulation between the holder plate and 
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the lower valve 12. The insulating plate 18 is formed with an 
aperture 18a that matches the aperture 4a. In this state, the 
top end of the opening 2a of the battery case 2 is crimped. 

In this embodiment, too, the sheet-like gasket 16 and the 
5 top wall 7b of the insulating gasket 7 are superposed between 
the top end of the opening 2a of the battery case 2 and the cap 
15 provided as a sealing member, whereby the overall space for 
compressing the gasket at the compressed point is made larger, 
and a necessary level of sealing properties is achieved even 

10 when there are some crimping errors in the opening 2a of the 
battery case 2, and thus high reliability is achieved in respect 
of leakage resistance . 
( Fourth Embodiment ) 

Next, a sealed battery of a fourth embodiment of the 

15 present invention will be described with reference to Fig. 4. 

In the sealing unit 8 of this embodiment, an annular 
sealing protrusion lOd is protruded along the outer periphery 
on the upper face of the bottom wall 10a of the inner gasket 
10, and a sheet-like gasket 19 having a higher coefficient of 

20 rebound resilience than that of the inner gasket 10 is placed 
on the upper face of this bottom wall 10a. Upon this sheet-like 
gasket 19 is placed the upper valve 11 of the safety mechanism 
13, and on it a PTC element 14 and a cap 15 as sealing members, 
and a sheet-like gasket 16 are placed. 

25 In this state, the opening 2b of the battery case 2 is 
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crimped inwards, so that, as with the first embodiment, the 
opening is sealed while the top wall 10b of the inner gasket 
10 and the sheet-like gasket 16 are compressed between the 
opening 2b and the upper face of the cap 15, and further, the 
5 sheet-like gasket 19 having a high coefficient of rebound 

resilience is compressed by the sealing protrusion lOd of the 
bottom wall 10a of the inner gasket 10 between the PTC element 
14 and the bottom wall 9a of the filter 9. 

Thus, with this embodiment, in addition to the effects 

10 achieved in the first embodiment, high sealing properties are 
ensured by the sheet-like gasket 19 having a high coefficient 
of rebound resilience that is interposed at the compressed point 
between the PTC element 14 provided as a sealing member and the 
opposing annular sealing protrusion lOd protruded on the bottom 

15 wall 10a of the inner gasket 10, whereby deformation of the 
sealing protrusion lOd is prevented even if the battery is stored 
for a long time under severe conditions such as high temperatures, 
and a sufficient level of sealing pressure resistance is 
achieved . 

20 While one example has been shown in this embodiment wherein 

the sheet-like gasket 19 under the PTC element 14 is used 
together with the sheet-like gasket 16 upon the cap 15, the same 
effects are achieved when the sheet-like gasket 19 only is 
provided . 

25 (Fifth Embodiment) 
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Next, a sealed battery of a fifth embodiment of the present 
invention will be described with reference to Fig. 5. 

In the above-described fourth embodiment, as with the 
first embodiment, a sheet-like gasket 19 is provided in the 
5 structure wherein the opening 2a of the battery case 2 is sealed 
with a sealing unit 8 via an insulating gasket 7, while, in this 
embodiment, as with the third embodiment, an annular sealing 
protrusion 7d is protruded along the outer periphery on the upper 
face of the bottom wall 7a of the insulating gasket 7, and a 

10 sheet-like gasket 19 having a higher coefficient of rebound 
resilience than that of the insulating gasket 7 is placed on 
the upper face of this bottom wall 7a, in the sealing structure 
wherein a PTC element 14 and a cap 15 as sealing members are 
placed inside the insulating gasket 7 instead of the sealing 

15 unit 8. 

In this embodiment, too, as with the fourth embodiment, 
high sealing properties are ensured by the sheet-like gasket 
19 having a high coefficient of rebound resilience that is 
interposed between the PTC element 14 provided as a sealing 

20 member and the opposing annular sealing protrusion 7d protruded 
on the bottom wall 7a of the insulating gasket 7, whereby 
deformation of the sealing protrusion 7d is prevented even if 
the battery is stored for a long time under severe conditions 
such as high temperatures, and a sufficient level of sealing 

25 pressure resistance is achieved. 
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INDUSTRIAL APPLICABILITY 

As described above, according to the sealed battery of the 
present invention, in sealing the opening of the battery case 
5 with any one of a sealing member via an insulating gasket, and 
a sealing unit in which the sealing member is crimped inside 
a filter via an inner gasket, a sheet-like gasket is placed upon 
the sealing member, so that any one of a combination of the 
insulating gasket and the sheet-like gasket, and a combination 

10 of the insulating gasket, the sheet-like gasket, and the inner 
gasket, is interposed when crimping the opening of the battery 
case inwards to tightly seal the battery, whereby the overall 
space for compressing the gasket is made large and a necessary 
level of sealing properties is achieved even when there are some 

15 crimping errors, and high reliability is achieved in respect 
of leakage resistance. 



